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1	Introduction
Enhancements on MIMO for NR were approved to be studied and specified as part of the MIMO Enhancements WID in RAN#81 [1]. The detailed objectives for the WID are as follows [1]:
	
· Extend specification support in the following areas [RAN1]
· Enhancements on MU-MIMO support
· Specify overhead reduction, based on Type II CSI feedback, taking into account the tradeoff between performance and overhead
· Perform study and, if needed, specify extension of Type II CSI feedback to rank >2
· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:
· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission
· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
· Multi-TRP techniques for URLLC requirements are included in this WI
· Enhancements on multi-beam operation, primarily targeting FR2 operation:
· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Specify a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15
· Specify measurement and reporting of either L1-RSRQ or L1-SINR
· Perform study and make conclusion in the first RAN1 meeting after start of the WI, and if needed, specify CSI-RS and DMRS (both downlink and uplink) enhancement for PAPR reduction for one or multiple layers (no change on RE mapping specified in Rel-15)
· Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class)
        …



There are many proposals on evaluation for NR MIMO enhancement, and this paper summarizes the proposals for each sub-item. Because two items, PAPR reduction and Uplink full power TX, are not considered for this paper due to their scope and timeline.    
· Evaluation methodologies for MU-MIMO enhancements 
· Evaluation methodologies for Multi-TRP/panel enhancements
· Evaluation methodologies for multi-beam operation enhancements

From theProposed plan for evaluation methodologies are as follows.

· Reuse existing evaluation assumption as much as possible (in TS38.802 and URLLC agreement)
· Performance metric may be discussed in each agenda item.
· No further calibration work unless clearly justified.

1.  RAN1 #94bis
A. Agree on the SLS evaluation assumption for CSI enhancement
B. Agree on the SLS evaluation assumption for Multi-TRP/panel (for FR1) at least for eMBB scenario
i. Clarify the scope of SLS and LLS for URLLC scenario 
C. Determine and agree on the proper evaluation method for each items of multi-beam enhancement
i. Agree on the basic SLS evaluation assumption and possible simplification
ii. Agree on the scope of LLS for multi-beam enhancement 
D. One or two offline session(s), and possible e-mail discussion.
E. Further e-mail discussion on essential part after RAN1#94bis.
2. RAN1 #95
A. Conclude any remaining issues.
i. URLLC related
ii. Multi-beam related

2.	Evaluation methodologies for MU-MIMO enhancement
Two objectives for MU-MIMO enhancement have been agreed, and they are especially related to Type II CSI enhancement. Two contributions [2,3] proposed to use the table A.2.1-1 (Appendix A.1) as a starting point, and similarly a proposal [5] is proposing to use evaluation assumption for NR phase 2 (See Table II in Appendix A.1), and in general, it is a natural way to avoid the unnecessary work.  

Observation 1: Existing EVM (Table A.2.1-1 of TS38.802 or NR phase 2 EVM) can be a starting point with additional updates.
Proposal 2-0: Use the table 2-1 with the following additional Updates

Table 2-1. SLS assumptions for CSI enhancement 
	Parameter
	Value

	Duplex, Waveform 
	FDD (TDD is not precluded), OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Dense Urban (Macro only) is a baseline. 
Other scenarios (e.g. UMi@4GHz 2GHz, Urban Macro) are not precluded.

	Frequency Range
	FR1 only, 4GHz.

	Inter-BS distance
	200m 

	Channel model
	According to the TR 38.901 

	Antenna setup and port layouts at gNB
	Companies need to report which option(s) are used between
· 32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ 
· 16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ
Other configuration is not precluded.

	Antenna setup and port layouts at UE
	4RX: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for rank > 2
2RX: (1,1,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for (rank 1,2) Type II overhead reduction
Other configuration is not precluded.

	BS Tx power 
	41 dBm

	
	

	BS antenna height 
	25m 

	
	

	UE antenna height & gain
	Follow TR36.873 

	UE receiver noise figure
	9dB

	Modulation 
	Up to 256QAM 

	Coding on PDSCH 
	LDPC
Max code-block size=8448bit 

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Number of RBs
	52 for 15 kHz SCS

	Simulation bandwidth 
	10 MHz for 15kHz as a baseline, and configurations which emulate larger BW, e.g., same sub-band size as 40/100 MHz with 30kHz, may be optionally considered.

	Frame structure 
	Slot Format 0 (all downlink) for all slots

	MIMO scheme
	SU/MU-MIMO with rank adaptation is a baseline for overhead reduction.
For low RU, SU-MIMO or SU/MU-MIMO with rank adaptation are assumed for higher rank extension.
For medium/high RU, SU/MU-MIMO with rank adaptation is assumed for higher rank extension.


	MIMO layers
	For all evaluation, companies to provide the assumption on the maximum MU layers (e.g. 8 or 12)

	CSI feedback 
	[Feedback assumption at least for baseline scheme
· CSI feedback periodicity (full CSI feedback) :  5 ms, 
· Scheduling delay (from CSI feedback to time to apply in scheduling) :  4 msIssue 2-6] Companies reports CSI periodicity used in the simulation.

	Overhead 
	Companies shall provide the downlink overhead assumption[Issue 2-6] Companies reports overhead used in the simulation.

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes
Other FTP model is not precluded.

	Traffic load (Resource utilization)
	· 50/70 % for CSI overhead reduction
· 20/50 % for high rank extension
Companies are encouraged to report the MU-MIMO utilization.

	UE distribution
	- 80% indoor (3km/h), 20% outdoor (30km/h) 

	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	CSI modeEvaluation Metric	Comment by Yuk, Youngsoo (Nokia - KR/Seoul): Companies reported CQI/PMI reporting assumption
	Throughput and CSI feedback overhead as baseline metrics. 
Additional metrics, e.g., ratio between throughput and CSI feedback overhead, can be used.

Maximum overhead (payload size for CSI feedback)for each rank at one feedback instance is the baseline metric for CSI feedback overhead, and companies can provide other metrics.


	Baseline for performance evaluation
	Possible Offline Agreement
 Rel-15 Type II Codebook is the baseline for performance and overhead evaluation for overhead reduction. (Type I Codebook should be considered at least for performance evaluation)
· Companies are encouraged to compare the proposed overhead reduction scheme with Rel-15 overhead reduction scheme, 
Rel-15 Type I Codebook is the baseline for performance and overhead evaluation for higher rank codebook. 

	Overhead
	[Issue 2-6]



Issue 2-1. Evaluation scenarios and Channel Model
From the review of the contributions, the majority proposed/considered Dense Urban scenario with UMa/UMi @4GHz. Another contribution [8, 10] also considered 2GHz for the evaluation. One contribution proposed not to evaluate with FR2. 
Based on the discussion, we can consider following proposal. 

Proposal 2-1: Dense Urban (Macro Layer only) @ 4GHz is a baseline (Channel models in TR38.901 is recommended.). Other scenarios (e.g. 2GHz, Urban Macro) are not precluded. FR2 is not considered. 
	Company
	View

	Nokia, NSB
	Support

	AT&T
	Support

	OPPO
	Support

	Ericsson
	Support

	Samsung
	Support

	ZTE
	We think UMi@4GHz shall also be included. UMi is also a typical scenario for deployment and a typical use case for MU-MIMO scheduling. 

	Intel
	Support

	LGE
	Support

	CATT
	Support

	Huawei
	Support

	DOCOMO
	Support for 7.2.8.1. We want to clarify that if same assumptions in this Section will be also used for 7.2.8.2 (multi-TRP/panel) simulation for CSI enhancement. If so, we need to also consider 30 GHz.



Offline Agreement: Dense Urban (Macro Layer only) @ 4GHz is a baseline (Channel models in TR38.901 is recommended.). Other scenarios (e.g. UMi@4GHz 2GHz, Urban Macro) are not precluded. FR2 is not considered.

Offline conclusion: 
CSI enhancement for Multi-TRP may be under Multi-TRP discussion. 

Issue 2-2: System Configuration (BW & subcarrier spacing)
TS38.802 and NR MIMO Phase 2 defined the BW and SCS as 20MHz/15kHz and 10MHz/15kHz. 
And, 8 contributions are proposing 10MHz aligned with NR phase 2 agreement. 20MHz is proposed by one contribution. One contribution proposed 100MHz with the following justification.
· Evaluation under small BW may distort the real overhead compared to the throughput enhancement.
· Potential performance impact from sub-band size should be evaluated (with practical configuration)
For subcarrier spacing, 7 contributions proposed or considered 15Hz and 3 considered 30kHz, but 2 of them are also proposing 15kHz. 
Thus, we can consider 10MHz/15kHz as a baseline and additionally consider 100MHz/30kHz for the overhead analysis and performance aspect. 

Proposal 2-2: 10MHz/15kHz can be a baseline. Additional configuration e.g. [100MHz]/30kHz can be considered for analysis on the overhead, and performance impact. 
	Company
	View

	Nokia, NSB
	10MHz, 15kH as a baseline, and larger BW is necessary to be considered.

	AT&T
	20 MHz, 15 KHz as a baseline

	OPPO
	Support 10MHz, 15kHz as a baseline

	Ericsson
	In our view, the evaluations for Type II enhancements needs to at least reflect the typical NR deployments with up to 100MHz BW and 30kHz SCS. The reason is two-fold.
•  This is the scenario with the highest number of subbands and hence where the overhead is the worst
•  The subband size is the largest, which restricts legacy Type II performance due to averaging loss
Restricting evaluations to only LTE-like setup of 10 MHz BW / 15 kHz SCS opens up the risk of choosing an improper design.
However, while the evaluations need to reflect 100MHz BW, simplified simulations that still capture the effect of larger bandwidth can be considered. For instance, a smaller bandwidth can be simulated, but using a subband size corresponding to 100MHz BW for the baseline, and where the overhead is calculated assuming 100 MHz bandwidth.

	Samsung
	10 MHz/15 kHz

	ZTE
	Support 10MHz, 15kHz as a baseline

	Intel
	10 MHz with 15 kHz as baseline 100 MHz with 30 kHz as additional configuration is OK

	LGE
	10 MHz/15 kHz

	CATT
	10MHz, 15kHz as baseline. Regarding 100MHz bandwidth, there is no FDD band having 100MHz bandwidth in FR1. We can consider larger bandwidth, e.g., 20MHz, 40MHz, but not 100MHz.

	Huawei
	Support

	Nokia, NSB
	20MHz, 15kH as a baseline, and configurations which emulate larger BW, e.g., same subband size as 100 MHz, may be optionally considered. 

	DOCOMO
	For FR1, 20 MHz/15kHz is preferred.



Offline Agreement:
 10MHz, 15kH as a baseline, and configurations which emulate larger BW, e.g., same sub-band size as 40/100 MHz, may be optionally considered.
Issue 2-3. MIMO configuration
Regarding to BS antenna configuration, the configuration in TS38.802/NR phase 2 agreement are considered by 9 companies. Two companies proposed to use 16 ports as (2,4) or 32 ports as (4,4) virtual antenna port configuration. 
For UE configuration, 4Rx configuration (1,2,2) are proposed by many companies, and 2Rx configuration (1,1,2) also proposed by 3 companies especially for Type II CSI overhead reduction. 
Another comment from a contribution recommends studying the higher rank Type II CSI after completion of overhead reduction, and to use 2 Rx only for Type II CSI overhead reduction.
Thus, it is recommended to use following. 

Proposal 2-3: Adopt Antenna configurations below. 
	Antenna Configuration at BS
	(8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ
Other configuration is not precluded.
(8,4,2,1,1,2,4), i.e., (N1,N2) = (2,4) 16 ports, 1st dim = vertical	Comment by Md Saifur Rahman: It has been shown in Rel. 15, that max gain w/ Type II CSI is for this 16 port configuration

	Antenna Configuration at UE
	(1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for rank > 2
(1,1,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for (rank 1,2) Type II overhead reduction
Other configuration is not precluded.



	Company
	View

	Nokia, NSB
	Support

	OPPO
	Support

	Ericsson
	Ok with BS antenna configuration.  For UE antenna configuration, 2Rx can additionally be considered for evaluations involving overhead reduction.

	Samsung
	Similar to Rel. 15, we prefer to consider (N1,N2) = (2,4) (2D 16 port configuration) since Type II CSI shows max gain for this configuration. Also, for Type II overhead reduction, we prefer to consider 2 Rx at the UE.

	ZTE
	Support

	Intel
	We prefer 16 Tx and 4 Rx as baseline with the note “Other configurations are not precluded.”

	LGE
	Support. First, we think this overhead reduction may be affect the design of higher rank design as well, so it would be good to have common Rx configuration. Second, we think “Other configuration is not precluded” can resolve the concern raised by Ericsson and Samsung. 

	CATT
	Support the proposal. Modification from Samsung is also fine to us.

	Huawei
	For UE antenna, (1,1,2,1,1,1,1) for overhead reduction and (1,2,2,1,1,1,2) for Type II rank > 2. Both 2Rx and 4Rx can be popular choice depending on deployment bands.

	DOCOMO
	For FR1, support.



Offline Agreement: The below is the baseline, and other configuration is not precluded. 
	Antenna Configuration at BS
	Companies need to report which option(s) are used between
· 32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ 
· 16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ
Other configuration is not precluded. 

	Antenna Configuration at UE
	(1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for rank > 2
(1,1,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for (rank 1,2) Type II overhead reduction
Other configuration is not precluded.





Both SU-MIMO and SU/MU-MIMO with rank adaptation are proposed for evaluation. 
Regarding to the MU-MIMO layers, 6 contributions are proposing upto 12 layers. 
It is also discussed in [10], SU-MIMO only scenario for CSI-II for rank beyond 2. 

Proposal 2-4: Both SU-MIMO and SU/MU-MIMO with rank adaptation are assumed, and for SU-MIMO up to 2 layers for overhead reduction, and upto 4 layers for rank extension, and MU-MIMO up to 12 layers are considered.
	Company
	View

	Nokia, NSB
	Support

	OPPO
	Support SU/MU-MIMO with rank adaptation.
This evaluation assumption is only for MU-MIMO enhancement, so why we evaluate SU-MIMO only as one of the baseline assumption?

	Ericsson
	We support dynamic SU-MIMO/MU-MIMO switching with rank adaptation.  We don’t see the need for simulating SU-MIMO only and suggest to remove it.

	Samsung
	We should try to minimize# different simulations and focus only on relevant/important ones. In our view,
· Type II overhead reduction (rank 1-2 only): SU/MU dynamic switch, up to 8 layers (this is what we did in Rel. 15)
Rank > 2: SU only (for higher rank, SU is known to show the most gain)

	ZTE
	Support only SU/MU-MIMO with dynamic adaptation. We don’t see the need to evaluate SU-only case.

	Intel
	Same view as Ericsson and ZTE

	LGE
	Same understanding with Samsung, it would be good for us to reduce our simulation burden, so we are okay with simulating only SU-MIMO/MU-MIMO switching with rank adaptation for overhead reduction. 

	CATT
	We support dynamic SU-MIMO/MU-MIMO switching with rank adaptation for evaluation of overhead reduction. For higher rank evaluation, SU-MIMO is sufficient.

	Huawei
	Support. SU MIMO is typical at least for low to medium RU, for a clearer/stable baseline for comparison. SU/MU switching can be tricky for high rank CB enhancement

	DOCOMO
	For FR1, support.



Offline Agreement: SU/MU-MIMO with rank adaptation is a baseline for overhead reduction.
For all evaluation, companies to provide the assumption on the maximum MU layers (e.g. 8 or 12)

Offline Agreement
For low RU, SU-MIMO or SU/MU-MIMO with rank adaptation are assumed for higher rank extension.
For medium/high RU, SU/MU-MIMO with rank adaptation is assumed for higher rank extension.

AT&T: We would like to propose 4 CSI-RS ports as a special case for both SU and MU-MIMO

Issue 2-4. Traffic model
Majority are proposing non-full buffer traffic model, and mostly FTP traffic model 1/3 are used, while 3 contributions are solely or additionally proposing Full-buffer. 6 contributions are considered for FTP traffic model 1 and 3 for FTP model 3. 
Resource utilization also discussed, and for evaluation of CSI overhead reduction, 4 contributions proposed to consider Medium/High RU (50/70[80] %) for evaluation, and one contribution propose to deprioritize low RU for this purpose. For high rank CSI, three contributions [2, 10, 16] proposed to consider Low RU (20/25%) additionally, while small differences among contributions proposing with (25/50/80), (20/50) or (20/70) respectively. 

Proposal 2-5: FTP traffic model 1[/3] with packet size [0.5] Mbytes as a baseline, and other traffic model is not precluded. 
Proposal 2-6: Medium/High RU of 50/70% RU are assumed for CSI overhead reduction, and low RU (e.g. 20%) is additionally considered for high rank CSI.
	Company
	View

	Nokia, NSB
	FTP model 1 with 0.5Mbytes is preferable. 
For CSI overhead reduction, RU=50 or 70%, for higher rank, RU=20 or 70%

	OPPO
	Support FTP model 1 with 0.5Mbytes as baseline

	Ericsson
	For proposal 2-5, we prefer FTP model 1. Although we are fine with packet size 0.5 Mbytes, we have a slight preference for packet size 0.1 Mbytes.
Proposal 2-6: We prefer to focus on 20% RU and possibly 50%. The likelihood of high rank (rank>2) transmission at 70% is quite low.  So we suggest to remove 70% RU for high rank CSI.
For CSI mode, we prefer to focus on simulating subband CQI/PMI.

	Samsung
	FTP 1 with 0.5 Mbytes,
For 2-6, we have similar view as Ericsson, RU=20 and 50% are sufficient (for rank > 2, in particular, we should focus on loading that can have significant % of UEs reporting high rank CSI, which is likely to happen at low loading)

	ZTE
	FTP 3 with 0.5Mbytes. Support RU around 50% or 70% for both overhead reduction and higher rank.

	Intel
	We prefer FTP 3 with 0.1 Mbytes packet. Proposal 2-6 is OK

	LGE
	Support FTP model 1 with 0.5 Mbytes,
For 2-6, similar view as Ericsson, RU=20 and 50% are sufficient. Also, it is encouraged to companies to report both RU and used arrival rate (lambda) in the simulation. 

	CATT
	We support FTP 1 with 0.5Mbytes as baseline. For 2-6, we share the same view as Samsung and Ericsson, i.e., RU = 20% and 50% is sufficient..

	Huawei
	Suppport

	DOCOMO
	Support



Offline Agreement: FTP traffic model 1 with packet size 0.5 Mbytes as a baseline. Other model and packet sizes can be used. 
Offline Agreement: Medium/High RU of 50/70% RU are assumed for CSI overhead reduction, and Low/Medium RU of 20/50% for high rank CSI.

Companies are encouraged to report the MU-MIMO utilization.  

Issue 2-5. Evaluation Metric/Reference
There are also some discussions on the baseline for performance and overhead evaluation. One contribution [16] is proposing to consider Type I Codebook as well as Type II codebook as a reference for overhead reduction, because of trade-off for performance and overhead. Also, one contribution [2] proposed type I codebook should be considered for higher rank CSI evaluation.

Proposal 2-7: Rel-15 Type I and/or Type II Codebook are the baseline for performance and overhead evaluation. 
	Company
	View

	Nokia, NSB
	Support

	AT&T
	Support

	OPPO
	Support

	Ericsson
	Support

	Samsung
	Rel. 15 Type II only (There is no need to have two baseline schemes. In our view, we want to enhance Type II in Rel. 16 ensuring that gain similar or better than Type II gain in Rel. 15 but at reduced overhead and potentially higher rank)

	ZTE
	Support in general. We also want to note in the proposal that Rel-15 supports flexible CSI reporting band configuration with a bitmap for the subbands in a BWP. This is one feature to reduce CSI overhead supported in Rel-15. We think it should be considered in the baseline for Rel-16 enhancements. An enhanced scheme in Rel-16 should give better performance with similar overhead or more overhead reduction with tolerable performance loss.

	Intel
	We are OK with the proposal; however, we need to clarify what exactly overhead means. In our view, maximum CSI payload size should be considered as indicator of overhead.

	LGE
	Support

	CATT
	For overhead reduction, the baseline shall be the Rel-15 Type II codebook. For higher rank evaluation, the baseline should be Rel-15 Type I codebook.

	Huawei
	Type I should not be used as the baseline of overhead reduction given that the target of overhead reduction is to reduce overhead but not scarifying the performance. Therefore it is difficult to compare between Type I and overhead-reduced Type II.

	DOCOMO
	Support



Possible Offline Agreement
: Rel-15 Type I and/or Type II Codebook are is the baseline for performance and overhead evaluation for overhead reduction. (Type I Codebook should be considered at least for performance evaluation)
· Companies are encouraged to compare the proposed overhead reduction scheme with Rel-15 overhead reduction scheme, e.g., partial-band CSI reporting
Rel-15 Type I Codebook is the baseline for performance and overhead evaluation for higher rank codebook. 


One contribution [4] has indicated the trade-off overhead and performance (e.g. PMI overhead with different rank and throughput). 
Proposal 2-8: Adopt the following metrics for the evaluation of different overhead reduction schemes
-	Throughput including average and cell-edge
-	Overhead and/or ratio between throughput and overhead.
	Company
	View

	OPPO
	Support throughput and overhead as metrics.
However, we don’t think ratio between throughput and overhead is a proper metric for overhead reduction since the relationship between throughput and overhead is not linear. Significant performance loss is unacceptable even when the overhead is very low.

	Ericsson
	Support

	Samsung
	Throughput vs. overhead is sufficient

	ZTE
	Support. 
To OPPO: We will for sure consider the performance, which is covered by the first sub-bullet: Throughput including average and cell-edge. We think the ratio between throughput and overhead is a useful metric to evaluate the efficiency of overhead reduction. 

	Intel
	Same view as OPPO 

	LGE
	Same view with OPPO that we think ratio itself is not good metric due to the non-linearity. Separate metric throughput and overhead reduction ratio is sufficient. 

	CATT
	Agree with OPPO. We can use throughput and overhead as metrics.

	Huawei
	Ratio between throughput and overhead may not be a good metric. Type I codebook may be always better than Type II for this metric since the overhead of Type I is very small.



Possible Offline Agreement:
Throughput and CSI feedback overhead as baseline metrics. Additional metrics, e.g., ratio between throughput and CSI feedback overhead, can be used.

Issue 2-5a: Definition of CSI overhead 
It is discussed by Intel regarding to the definition of CSI overhead, and proposed to consider maximum CSI overhead as one indicator of overhead. Companies is required to provide their view on the definition. 
Option 1: average CSI payload size: ZTE
Option 2: maximum CSI payload size : Intel
Option 3: …
Offline Agreement
· Maximum overhead (payload size for CSI feedback) for each rank at one feedback instance is the baseline metric for overhead, and companies can provide other metrics.
Issue 2-6. Further Comments
Companies may provide further comments on other evaluation assumptions.
	Company
	View

	Ericsson
	For UE distribution row in Table 2-1, the ‘Uniform 10 users per TRP’ is not relevant to FTP model 1 and should be removed.	Comment by Yuk, Youngsoo (Nokia - KR/Seoul): Agree, and removed from the table above.
Furthermore, ‘UE Tx power’ and ‘BS receiver noise figure’ rows can be removed as we’ll not simulate UL for this agenda item.

	Samsung
	Same view as Ericsson,
In addition, we prefer to align the following in Table 2-1:	Comment by Yuk, Youngsoo (Nokia - KR/Seoul): For feedback periodicity, different assumption can be made per schemes, and feedback contents may be different, so hope to keep it upto companies. But, looks fine for the same assumption for scheduling delay. 
· CSI feedback periodicity = 5, and scheduling delay = 4
· Overhead: fix value, e.g. 30%

	LGE
	Same view with Ericsson. Also, for overhead calculation, at least assumptions of # of PDCCH symbols and DMRS needs to be aligned. 

	
	



Possible Offline Agreement: Companies shall report their assumption related to CSI feedback.
Offline Agreement:
Feedback assumption at least for baseline scheme 
· CSI feedback periodicity (full CSI feedback) : 5 ms, 
· Scheduling delay (from CSI feedback to time to apply in scheduling) : 4 ms
Scheduling Delay = [4] .

Possible Offline Agreement: Downlink overhead includes PDCCH, DMRS and CSI-RS
Alt. 1: [1/2] PDCCH per slot, single/double symbol DMRS according to MU layers (Type [1/2]), [16/32] port CSI-RS for every [5]ms.
· Alt. 2: Companies shall provide the downlink overhead assumption


3. Evaluation methodologies for Multi-TRP/panel enhancements
From the RAN#81 decision, the study set the objectives for both eMBB and URLLC. For eMBB evaluation, similar evaluation model as discussed for MU-MIMO can be considered, and some addition from the agreement in Table A.2.5-1 of TS38.802 (Appendix A.2).
For URLLC, it is indicated that there is one agreement on the evaluation scenario for URLLC evaluation by the e-mail discussion [94-NR-06], and it may be used for URLLC evaluation in other agenda. 

Issue 3-1. Evaluation scenarios and Channel Model
For eMBB, the majority proposed 4GHz and Dense Urban scenario with UMa (TR38.901). Also, one contribution [21] proposed UMi scenario for multi-TRP/panel evaluation. Another contribution [25] considered a scenario with UMa@30GHz.  
For URLLC, both dense urban @ 4GHz, and Indoor Hotspot @4GHz. 4 contributions [24,25, 26, 27] have proposed or considered the evaluation @30GHz (FR2), while another contribution [19] proposed to preclude FR2 evaluation.
It is also indicated that there is one agreement on the evaluation scenario for URLLC evaluation by the e-mail discussion [94-NR-06], and it was recommended to be used for multi-TRP evaluation for URLLC. (See Appendix A.3)
4 contributions [17, 19, 25, 26] contributions provided evaluation assumption for LLS especially for URLLC evaluation. Especially, [19] proposed to focus on LLS when evaluating URLLC aspect, and provided the example of LLS modelling for multi-TRP evaluation. 

Proposal 3-1: 
· For eMBB: Dense Urban (5G-UMa with Single Layer) @ 4GHz is a baseline. 
· For URLLC: Follow the agreement in [94-NR-06].
· Dense Urban (5G-UMa with Single Layer) @ 4GHz.
· Indoor Hotspot (ITU InH channel)@4GHz + optional @30GHz
· Further consider LLS for multi-TRP for URLLC scenario.

	Company
	View

	Ericsson
	In our contribution R1-1811827, we showed that NC-JT provides notable performance gains over single TRP in the indoor hotspot scenario.  So we consider indoor hotspot to be an important scenario for NC-JT.  Indoor Hotspot @ 4GHz should be included for eMBB.

	Samsung
	We think InH also should be a baseline whose priority is higher or equal to that of Uma for eMBB given that high throughput gain from NCJT can be observed in InH. 

	ZTE
	For eMBB, indoor hotspot should be the baseline since it is the typical use case for JT in LTE FeCoMP. 

	LGE
	Agree with ZTE

	CATT
	We also consider InH as an important scenario for NCJT evaluation and should be included.

	Huawei
	For eMBB, support
For URLLC, Urban Macro @ 4GHz is an important scenario for URLLC which has been captured by TR 38.802, so this scenario should be captured.  

	Nokia, NSB
	For eMBB, Indoor hotspot is fine. 

	DOCOMO
	For eMBB, Dense Urban @ 30GHZ should be also considered



Possible Offline Agreement: 
· For both eMBB and URLLC: 
· Dense Urban (5G-UMa with Single Layer) @ 4GHz.
· Indoor Hotspot (ITU InH channel)@4GHz 
· For URLLC: Follow the agreement in [94-NR-06].
· Indoor Hotspot (ITU InH channel)@ 30GHz (Optional)
· Further consider LLS for multi-TRP for URLLC scenario.

Issue 3-2. Channel BW, subcarrier spacing and mapping type.
For URLLC, 30kHz and 60kHz of SCS considered by contributions, and especially 30kHz subcarrier spacings are proposed by many contributions. 20MHz or 40MHz channel BW are proposed. 
For 30GHz, 60kHz or 120kHz SCS also proposed, and since it is optional scenario, companies can report their assumption. 
Proposal 3-2: 
· Consider following the agreement in [94-NR-06] for both eMBB and URLLC.
· 40MHz BW and 30kHz subcarrier spacing are baseline. (Other configuration is not preclude, and companies may report this assumption.) 
	Company
	View

	Ericsson
	We are fine with following the agreements in [94-NR-06] for URLLC.  However, for eMBB, we prefer a 20MHz bandwidth with 15kHz subcarrier spacing.

	Samsung
	Regarding eMBB, we think similar option for MU MIMO (i.e. 10MHz/15kHz) also should be considered as a baseline.

	ZTE
	Same view with Samsung 

	LGE
	Same view with Samsng

	CATT
	At least for eMBB, the same bandwidth and SCS as MU-MIMO evaluation shall be used as baseline.

	Huawei
	For eMBB, 40MHz channel BW is not needed, and 10MHz/20MHz channel BW with 15kHz/30kHz is preferred.
For URLLC, support

	DOCOMO
	40 MHz/30 kHz



Possible Offline Agreement
· For eMBB, 10MHz BW and 15kHz SCS are baseline.
· For URLLC, 40MHz BW and 30kHz SCS are baseline. 

One contribution proposed to use PDSCH mapping type B of 2,4 and/or 7 symbol long for URLLC. But, it is not fully discussed. So, necessary to collect the comment from other companies. 
Proposal 3-3: 
· For URLLC, PDSCH mapping type B (2/4/7 symbol) is assumed in addition to Type A  
	Company
	View

	AT&T
	Support

	Ericsson
	Companies can use either PDSCH mapping type B or type A depending on what metric is being evaluated (i.e., reliability, latency, etc.)

	ZTE
	Both type A and B can be used

	Huawei
	Support



[bookmark: _Hlk526861240]Possible Offline Agreement
· For URLLC, Companies to report on their assumption on PDSCH allocation type.

Issue 3-3. MIMO configuration
Regarding for Urban Macro/Dense Urban, contributions proposed the same configuration as discussed in MU-MIMO evaluation. 
For Indoor Hotspot @4GHz, two proposals in on BS antenna configurations
· Alt 1: 4 contributions [17, 19, 25, 26]
· BS antenna: (M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH = dV = 0.5 λ, 
· Alt 2: 2 contributions [18,22]
· BS Antenna: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1). 
For Indoor Hotspot @4GHz, majority supports UE antenna configuration: (M,N,P,Mg,Ng) = (1,2,2,1,1)
One contribution is also proposing to use (M,N,P,Mg,Ng) = (1,4,2,1,1) for both InH and UMa scenarios.
For 30GHz, it is recommended to reuse the baseline configuration in TS38.802.
 (M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH = dV = 0.5 λ,

Proposal 3-4: Adopt Antenna configurations below. 
	Antenna Configuration at BS
	For Dense Urban and Urban Macro @4GHz
(M,N,P,Mg,Ng,Mp,Np) = (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ
For Indoor Hotspot@4GHz
(M,N,P,Mg,Ng,Mp,Np) = (4,4,2,1,1,4,4), (dH,dV) = (0.5, 0.5)λ

For Indoor Hotspot@30GHz (Option)
(M,N,P,Mg,Ng,Mp,Np) = (4,8,2,1,1,4,8), (dH,dV) = (0.5, 0.5)λ

Other configuration is not precluded. 


	Antenna Configuration at UE
	4Rx Port: (Baseline)
(M,N,P,Mg,Ng,Mp,Np) = =(1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ



	Company
	View

	Ericsson
	In proposal 3-1, the Urban Macro is not included as one of the scenarios.  So we suggest to remove Urban Macro @4GHz from BS antenna configuration.
For Indoor Hotspot BS antenna configuration @ 4 GHz, (M, N, P, Mg, Ng) = (4, 4, 2, 1, 1) may be too large for an indoor hotspot node. Hence, we suggest to use Alt 2 - (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1).

	Samsung
	Support gNB antenna configuration with (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1) for 4GHz

	ZTE
	In 4GHz center frequency, gNB usually has few antenna elements for indoor hotspot scenario, so we prefer 
For Indoor Hotspot@4GHz at gNB
(M,N,P,Mg,Ng,Mp,Np) = (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ

For Dense Urban and Urban Macro @4GHz at gNB, we also prefer to use few antenna ports:
(M,N,P,Mg,Ng,,Mp,Np) = (4,8,2,1,1,1,1), (dH,dV) = (0.5, 0.8)λ


	LGE
	Agree with Samsung 

	Huawei
	For both URLLC and eMBB, the following Antenna Configuration at BS should also be supported for Dense Urban and Urban Macro @4GHz.
(M, N, P, Mg, Ng, Mp, Np) =  (2,2,2,1,1,2,2)/(2, 4, 2,1,1,2,4) /(2,8,2,1,1,2,8) ;
(dH,dV) = (0.5, 0.8)λ
For both URLLC and eMBB, the following Antenna Configuration at UE should also be supported.
(M, N, P, Mg, Ng, Mp, Np) = (1, 1, 2,1,1,1,1); dH = 0.5λ; The polarization angles are 0 and 90

	DOCOMO
	For BS, For Dense Urban @ 30GHz, 8 ports are preferred



Possible Offline Agreement
Adopt Antenna configurations below. 
	Antenna Configuration at BS
	For Dense Urban @4GHz
(M,N,P,Mg,Ng,Mp,Np) = (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ
For Indoor Hotspot@4GHz
(M,N,P,Mg,Ng,Mp,Np) =(1,1,2,1,1,1,1) or (4,4,2,1,1,4,4), 
(dH,dV) = (0.5, 0.5)λ

Other configuration is not precluded. 


	Antenna Configuration at UE
	4Rx Port: (Baseline)
(M,N,P,Mg,Ng,Mp,Np) = =(1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ



Further consider antenna configuration for 30GHz. 

Issue 3-4. Traffic model
For eMBB evaluation, FTP traffic model 1/3 are proposed, as discussed in MU-MIMO evaluation. 
Resource utilization for evaluation discussed, and majority considered RU of 20/40%, 60/70% also considered by three contributions. And, additionally low RU of 5/10% are proposed by two contributions [21, 22].
Proposal 3-5: For eMBB, FTP traffic model 1[/3] with packet size 0.5Mbytes as a baseline, and other traffic model is not precluded. RU=20/40/60% is baseline, and optional low RU (e.g. 5/10) can be considered. 
For URLLC, one contribution [17] proposed to use FTP model 3 with data packet size 32bytes,50bytes, 200bytes, 2083 bytes, which are additionally specified in TR22.886 for URLLC requirement, remote driving etc. It is necessary to collect other company view. 
Proposal 3-6: For URLLC, consider additional packet size of [32, 2083] bytes for FTP model 3. 
	Company
	View

	Ericsson
	For proposal 3-5, we prefer FTP model 1 for eMBB evaluations.

	Samsung
	Support both traffic model 1 and 3 for eMBB.

	ZTE
	Both FTP traffic model 3

	LGE
	Prefer FTP model 1 for eMBB 

	CATT
	Support FTP mode 1 for eMBB evaluation. Regarding RU, we think the same RU as MU-MIMO can be targeted, i.e., 50%/70%.

	Huawei
	Support Proposal 3-5
For Proposal 3-6, if indoor hotspot want to be supported, periodic packet arrivals should be considered

	DOCOMO
	Support Proposal 3-5



Possible Offline Agreement
For eMBB, FTP traffic model 1 with packet size 0.5Mbytes as a baseline, and other traffic model is not precluded. RU=20/40/60% are baseline, and optional low RU (e.g. 5/10) can be considered. 
Possible Offline Agreement
For URLLC, FTP traffic model 3 with packet size of [0.1 Mbytes/ 32, 2083 bytes]. 

Issue 3-5. BS/UE Receiver
MMSE IRC has been proposed by majority companies and practical channel estimation is also assumed.
In addition, for NC-JT, advanced receiver (e.g. codeword level SIC) are proposed to be used in [18, 26]
Proposal 3-7: MMSE IRC is a baseline, and advanced receiver is not precluded. Practical Channel Estimation and feedback model are used.   
	Company
	View

	AT&T
	Support

	Ericsson
	Support

	Samsung
	Support

	LGE
	Support

	CATT
	Support

	Huawei
	Support

	DOCOMO
	Support



Possible Offline Agreement
MMSE IRC is a baseline, and advanced receiver is not precluded. Practical Channel Estimation and feedback model are used.   

Issue 3-6. Coordinated Cluster Size
Multiple coordinated cluster sizes are proposed. For InH scenario, two contributions proposed that all TRPs are included in a cluster while one proposed 2 or 4. 
For macro site, two contributions proposed upto 3 site for a cluster. Also, 3 contributions are proposed considering at most two TRPs for cooperation based on RSRP/RSRQ.
 
Proposal 3-8: For InH, coordinated cluster size is [all TRP, upto 4], and for Macro scenario, cluster is up to [3] sites. The maximum number of cooperated TRP at an instance is [2] based on RSRP/[RSRQ].    
	Company
	View

	Ericsson
	For InH, we evaluated cluster sizes of 2 and 4 in R1-1811827 and we saw gains for cluster size of 4.  So, we suggest a cluster size of 4 as a starting point.
For Macro, we are fine with considering cluster sizes of up to 3 cells within a site.
We do not think that clustering should only be based on RSRP/RSRQ which means that clustering is UE specific.  Static clustering can be also considered for evaluations in addition to UE specific clustering based on RSRP/RSRQ.
The proponent should describe the method for clustering assumed in the results.

	Samsung
	We think RSRP should be the baseline. RSRQ can be considered as optional.

	ZTE
	Cluster size 2 can be the baseline, larger values are not precluded. 
RSRP should be the baseline. RSRQ is not precluded.

	LGE
	Cluster size 2 and RSRP can be the baseline. 

	CATT
	The definition of cluster shall be clarified first. Is it a set of cells(TRPs) that coordination (e.g., joint scheduling, or among which information can be exchanged) is performed or a set of cells(TRPs) that can potentially transmit data to a specific UE?

	Huawei
	[bookmark: OLE_LINK6]Considering no-ideal backhaul, maybe it is impossible to choose TRPs dynamically, so other configuration should not be precluded.
No need to mention about the metrics like RSRP/RSRQ for cooperated TP selection, and it is up to each company’s description



Possible Offline Agreement
For InH, coordinated cluster size is up to 4, and for Macro scenario, cluster is up to 3 sites. The maximum number of cooperated TRP at an instance is 2 based on RSRP. Other mechanisms are not precluded.
Companies to provide the mechanism to be used for the evaluation.     


Issue 3-7. Backhaul delay assumption
	Backhaul link delay
	[bookmark: _Hlk526351443]0ms, 2ms (optional), 5ms, 50ms (optional). Other values are not precluded. Report by each company


During the NR study, following agreement has been made in TR38.802 (Table A.2.5-1).

One contribution[HW] proposed to reuse the agreement in section A.1 and A.2 in TR 36.874, which are 0ms for ideal backhaul, {5,50}ms for non-ideal backhaul. Also, one[vivo] proposed {0, 5}ms for ideal and non-ideal backhaul. Another contribution[Ericsson] proposed {0ms, 2ms, 10ms, 50ms}. The backhaul delay has deep relation with the NR architecture options such as CU-DU split as well as C-plane and U-Plane split specified by RAN3. The companies may provide further comments on the delay value with priority. Thus, we can first start with the existing agreement in TR38.802.
Proposal 3-9: Ideal and non-ideal backhaul are considered, with the delay value of 0ms, 2ms (optional), 5ms, 50ms (optional) are the baseline. Other values are not precluded. Report by each company. 
	Company
	View

	Ericsson
	Ok.

	Samsung
	Support

	CATT
	Support

	Huawei
	[bookmark: OLE_LINK4]Considering different level of non-ideal backhaul, a large backhaul link delay may be assumed with 50ms so prefer to remove bracket

	DOCOMO
	Considering the RAN2 impact and URLLC cases, 0 ms should be starting point



Possible Offline Agreement
Ideal and non-ideal backhaul are considered, with the delay value of 0ms, 2ms (optional), 5ms, 50ms [optional] are the baseline. Other values are not precluded. Report by each company. 

Issue 3-8. Evaluation Metric/Reference
One contribution [17] proposed URLLC requirement and the performance metric relative to the requirement.  
Proposal 3-10 For multi-TRP based URLLC, following updates/additions can be considered: 
· Reliability and latency requirements: {99.999%, 1ms/2ms}
· Metric: at least the percentage of users satisfying reliability and latency requirements and the URLLC capacity is not precluded.
	Company
	View

	Samsung
	Joint discussion with URLLC session is preferred.

	
	

	
	

	
	



Possible Offline Agreement
Leave it up to URLLC decision. 
Another contribution [19] proposed to focus on LLS for evaluation of URLLC aspect. It is necessary to collect the company view on SLS for URLLC evaluation. 

Proposal 3-11: Evaluation for URLLC related techniques should focus on link level simulation. 
· System level simulation results may supplement link level results up to companies’ choice.
	Company
	View

	AT&T
	Support this proposal

	Ericsson
	Support.

	ZTE
	Support

	CATT
	Support

	Huawei
	Not support.
URLLC is an application scenario, not a single technology point, which is related to the whole system. LLS can only simulate point-to-point situation, which cannot reflect the impact of TRP interference and the performance of the whole system. In order to see whether a network can provide high reliability, it still needs SLS.
So for URLLC, the simulation should be focused on SLS, and LLS is supplement



Possible Offline Agreement
For URLLC evaluation, companies shall provide the proper evaluation result with SLS and LLS with the agreed evaluation assumption.

Issue 3-9. Link-level simulation for URLLC
[bookmark: _Hlk526724731][bookmark: _Hlk526724710]Several proposals on LLS evaluation assumption have been proposed, one contribution [17] proposed that section A.1.4 in TR 38.802 can be a starting point, however, there are many holes to be agreed. In [19], also several assumptions are provided. So, it is necessary to update with further discussion including agreement in URLLC agenda.
[bookmark: _Hlk526354214]Proposal 3-11: Study LLS evaluation assumption for URLLC related techniques.
Companies provides the comments below evaluation scope for LLS etc.

	Company
	View

	AT&T
	Support

	ZTE
	Support

	Huawei
	Section A.1.4 in TR 38.802 can be a starting point, with the following updates/clarifications:
- The baseline is Rel-15 single-TRP based link level simulation
- Realistic channel estimation should be used for all Rel-15 RS design
- MCS from Table 5.1.3.1-3 in TS 38.214 shall be used

	
	



Possible Offline Agreement
For URLLC LLS evaluation assumption, consider to endorse the agreed assumption in URLLC agenda item.

Issue 3-10. Other parameters
Companies may provide further comments on the evaluation assumption not covered above. 

	Company
	View

	AT&T
	Support

	Ericsson
	The proponent should describe the information available to the coordinating scheduler, when applicable (e.g. RSRP, CSI,..)	Comment by Yuk, Youngsoo (Nokia - KR/Seoul): Added 

	
	

	
	



4. Evaluation methodologies for Multi-beam operation enhancements

Issue 4-1. Evaluation Scenarios
Two contributions [31, 35] indicated the EVM in TS38.802 are seldom used due to time limitation, so some update or simplifications are required. 

Proposal 4-1:  Consider Table A.2.5-2(SLS) and Table A.1.6-4 (LLS) of TR38.802 (Appendix A.4 below) as starting point for Rel-16 discussions and make necessary modifications/simplifications. Companies provide any necessary changes not captured in this contribution. 
	Company
	View

	Ericsson
	Support to start with the Tables as baseline. However, there are significant complications: 1) the simulation result will depend critically on the many of the open parameters, for example how the beams are selected 2) for FTP model 1, the transmission time will be extremely short 3) the evaluation criteria will need to be modified in some cases.

	ZTE
	Support

	LGE
	Support as the baseline.

	Huawei
	Support in general with one more change , i.e. use NR MCS table instead of LTE MCS table.

Moreover, we suggest introducing distribution of L1-SINR (i.e., to measure the L1-SINR at the probability of 5% or 50%) and probability of {L1-SINR < [0]dB} conditioned blockage as candidate performance metrics (where blockage event is defined by L1-SINR dropped by [10]dB and lasted over [50]ms). Both of them can help reducing simulation complexity, while the latter is particularly useful when evaluating the performance of BFR (i.e., to focus on time durations when blockage happened).




Following is an update from the TS38.802
Proposal 4-2: Use the table 4-1 and 4-2 as starting point with additional updates in each issues

Table 4-1: Simulation assumptions for beam management. (LLS)
	Parameters
	Values

	Carrier Frequency
	30 GHz

	Subcarrier Spacing for data
	For 30 GHz: 120kHz, 60kHz [Issue 4-4]

	Data allocation
	8 RBs [Issue 4-4] Larger # of PRB (e.g. 32) proposed.
First 2 OFDM symbols for PDCCH, and following 12 OFDM symbols for data channel

	PDCCH decoding
	Ideal or Non-ideal (Companies explain how is modeled)

	Channel Model
	CDL-A /B/C model
-	delay spread =100ns
-	UE speed=3km/h. [Issue 4-3] 30, 60km/h proposed. 
-	The angles of BS, i.e., AoD, ZoD, are uniformly distributed within [-60, 60] degrees in azimuth domain and [90, 135] degrees in zenith domain, and those of UE, i.e., AoA, ZoA, are uniformly distributed within [-180, 180] degrees in azimuth domain and [45, 90] in zenith domain, via applying uniform-distribution desired mean angle in subclause 7.7.5.1 in TR 38.901 [15] accordingly.

	TXRU mapping to antenna elements
	Companies explain details of the using TXRU mapping to antenna elements.
Notes:
2D DFT based beam per polarization as a baseline;

	TXRU mapping weights
	Companies explain details of the using TXRU mapping weights.

	Procedure of beam sweeping
	Companies explain details of procedure of beam sweeping.

	Criteria for beam selection
	Companies explain details of criteria for beam selection.

	UE reporting
	Companies explain details of criteria for UE reporting.

	BS antenna configurations
	For 30 GHz: (M, N, P, Mg, Ng) = (4, 8, 2, 2, 2). (dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (2.0, 4.0)λ
[Issue 4-5] Other Antenna configuration proposed

	BS antenna element radiation pattern
	For 30 GHz: According to TR38.802

	UE antenna configurations
	For 30 GHz: (M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (0, 0)λ. * Θmg,ng=90°; Ω0,1=Ω0,0+180°;
[Issue 4-5] Other Antenna configuration proposed

	BS array orientation
	azimuth 0 degree; mechanic downtilt: 0 degree

	UE array orientation
	ΩUT,a uniformly distributed on [0, 360] degree, ΩUT,b = 0°, ΩUT,g = 0°
[Issue 4-5] for all angle uniform random orientation proposed.

	UE antenna element radiation pattern
	See Table A.2.1-8 in TR 38.802

	Transmission scheme
	Multi-antenna port transmission schemes
Note: Companies explain details of the using transmission scheme.

	MIMO mode
	SU-MIMO

	UE receiver type
	MMSE-IRC as baseline; other advanced receiver is not precluded.

	Link adaptation
	Based on CSI-RS



Table 4-2: Evaluation assumptions for beam management (SLS)
	Parameters
	Values

	Scenarios 
	Indoor hotspot: 
Dense Urban:Evaluate micro layer 
Note: other antenna configurations should be considered as well.
[Issue 4-2] only Indoor for mandatory proposed

	Mode
	DL SU-MIMO/ MU-MIMO

	Simulation bandwidth
	[Issue 4-4] 80MHz.(DL+UL) or 40MHz.(DL+UL)

	Subcarrier Spacing for data
	[Issue 4-4] 120kHz, 60kHz
(Other subcarrier spacings can be considered)

	Channel Model
	Following related assumption in TR 38.802

	TXRU mapping to antenna elements
	Companies explain the details of TXRU mapping to antenna elements.
Notes:
2D DFT based beam per polarization as a baseline;


	TXRU mapping weights
	Companies explain the details of TXRU mapping weights.

	Criteria for selection for serving TRP
	Companies explain the details of criteria for selection for serving TRP.

	Criteria for beam selection for serving TRP
	Companies explain the details of criteria for beam selection for serving TRP.

	Constraints for the range of selective beams per TRP sector
	Companies explain what scheme is used

	Scheduling algorithm
	PF scheduler

	Link adaptation
	Based on CSI-RS.

	Traffic Model
	FTP model 1/3 with packet size 0.1 and 0.5Mbytes (other value is not precluded).
Other traffic models including the full buffer are not precluded.

	BS antenna configurations
	[Issue 4-5] Other Antenna configuration proposed 
[bookmark: _Hlk526726552](M, N, P, Mg, Ng) = (4, 8, 2, 2, 2). (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (2.0, 4.0) λ
Note: important to consider also other antenna configurations to maintain flexibility

	BS antenna element radiation pattern
	According to TR38.802

	UE antenna configurations
	 (M, N, P, Mg,Ng) = (2, 4, 2, 1, 2); (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (0, 0) λ. *Θmg,ng=90°; Ω0,1=Ω0,0+180°;
Note: important to consider also other antenna configurations to maintain flexibility

	UE antenna element radiation pattern
	See Table A.2.1-8 in TR 38.802

	Inter-panel calibration
	Ideal, non-ideal following 38.802 (optional)

	Beam correspondence 
	Companies report details of the assumptions

	Control and RS overhead
	Companies report details of the assumptions 

	Control channel decoding
	Ideal or Non-ideal (Companies explain how is modeled)

	UE receiver type
	MMSE-IRC as the baseline, other advanced receiver is not precluded

	BF scheme
	Companies explain what scheme is used

	Transmission scheme
	Multi-antenna port transmission schemes
Note: Companies explain details of the using transmission scheme.

	UE mobility feature
	[Issue 4-3] Follow Phase 3 calibration i.e. Add-on features including UE mobility, rotation, blockage, etc. can be considered.




Issue 4-2. Evaluation for different schemes
The scope of the item is a bit wider, and there are lots of different proposals are given by companies. One contribution [32] indicated that some items (latency/overhead reduction, BFR for SCell) are not required to be simulated. [31] also proposed to consider SLS only for L1-RSRQ/L1-SINR evaluation, and quantitative comparison is appropriate for latency/overhead reduction.

Proposal 4-3: Companies provide the preferred evaluation method for each item.
Companies also provide additional comments on the overall evaluation methodologies. 

	Sub items
	SLS
	LLS
	Numerical or Analytical

	Latency/overhead reduction
	
	Huawei/HiSilicon
	Samsung, Ericsson, CATT, DOCOMO

	UL panel-specific beam selection
	Ericsson, CATT, Huawei/HiSilicon
	
	

	BFR for SCell
	
	Huawei/HiSilicon
	Ericsson, DOCOMO

	L1-RSRQ/L1-SINR
	Samsung, Ericsson, CATT, Huawei/HiSilicon, DOCOMO
	
	



	Company
	View

	Ericsson
	Due to the complexity of the beam management algorithms, simplified metrics are needed for some of the cases.

	LGE
	Seems not so clear to classified strictly. Rather, focus on common EV methodologies  and further discuss according to the current WID objectives

	Huawei
	Regarding evaluation methodology, preliminary preferences are provided above. However companies should be allowed to select between SLS, LLS, and analytical analysis for each objective.  

	
	



Also, it is indicated in [28] that FR2 simulation hasn’t been fully conducted and calibrated, and some new technologies like blockage or UE rotation should be evaluated, and it is recommended to first focus on one prioritized operation first. 
Proposal 4-4: Evaluations for multi-beam enhancement should focus on the following aspects:
· DL beam management latency and overhead reduction 
· Beam reporting, including group-based, L1-RSRQ or L1-SINR
	Company
	View

	Ericsson
	Prime focus should be on UL multi-panel transmission.

	Samsung
	SLS for L1-RSRQ/L1-SINR

	ZTE
	Support the second sub-bullet with modification.: Beam reporting, including group-based, L1-RSRQ or L1-SINR

	LGE
	Support the moderator’s proposal 4-4, based on the WID objectives
· DL beam management latency and overhead reduction 
· L1-RSRQ or L1-SINR

	CATT
	SLS on UL multi-panel transmission and L1-RSRQ/L1-SINR.

	Huawei
	We do not see the need to limit the scope of evaluations. Companies should be encouraged to perform solid evaluations on proposed potential enhancements.

	DOCOMO
	SLS for L1-RSRQ/L1-SINR



It is also proposed that InH as a mandatory scenario for multi-beam enhancement [28].
Proposal 4-5: Evaluations for multi-beam enhancement at least include in-door hotspot scenarios.
· InH is ‘mandatory’ scenarios for companies to provide simulation results. 
· Evaluation results for other scenarios are up to companies to provide.
	Company
	View

	Ericsson
	Disagree. UMi should be mandatory

	Samsung
	Same view as Ericsson

	ZTE
	We do not think that one mandatory scenario is need. It should be case by case.

	LGE
	Agree with ZTE

	CATT
	Support InH as mandatory.

	Huawei
	As discussed in Rel-15, urban macro and dense urban are also important scenarios to be evaluated for multi-beam operations. We do not see the need to down-select on evaluation scenarios.

	DOCOMO
	Disagree. UMa should be mandatory.



In [35], it is proposed that a small-scale evaluation (e.g. 3 cells with 9 sectors) to reduce the simulation complexity and reflecting hot-spot like deployment in FR2. A contribution [28] also proposed no wrap-around for the evaluation. 

Proposal 4-6: Support small scale evaluation to reduce the complexity, and do not consider wrap around. 
	Company
	View

	Ericsson
	Agree

	ZTE
	In general, we also propose some scale evaluation for reducing complexity, eg., how to use LLS for evaluating beam management. 

	DOCOMO
	Do not agree. At least for SLS for L1-RSRQ/L1-SINR, wrap-around is needed to take into account interference properly.

	
	



Issue 4-3. UE Mobility/Rotation/Blockage 
Two contributions [28, 35] indicated the add-on feature of blockage and UE rotation should be taken into account. 
Proposal 4-7: Evaluation should model UE mobility/rotation and blockage.
	Company
	View

	Ericsson
	First the issues that would require simulations must be determined.

	Samsung
	Not needed

	ZTE
	Support

	CATT
	Not needed

	Huawei
	1. We agree with Ericsson that multiple UE panels should be modeled in evaluations and possible down-selections among the models listed in 38.802 can be considered. 
2. In some measurements, it is observed that the existing parameters of blockage may not be able to accurately reflect blockage events in practice, such as blocking region parameters. We suggest companies checking into this and collecting views/results by email discussion.
Blockage model A (TR 38.901 section 7.6.4.1) is a stochastic model for capturing blocking. It is more computationally efficient compared to geometric blockage model B and can be an easier choice for link-level simulations. However, one issue was identified when we check the blockage situation for blockage model A (TR 38.901 non-self blocking)+ CDL-B channel model (TR 38.901) for link-level simulations, as presented in next figures. Figure (a) shows that, with simulated parameters as defined in TR 38.901, none of the clusters falls into the blocking regions and the attenuation due to blockage can be 0. It actually means the blockers have no impacts on the wireless links, which doesn’t make sense. On the other hand, Figure (b) shows a more realistic scenario that at least the high-power clusters (i.e., the main paths) are being blocked by the blockers. In order to evaluate the performance in FR2, especially to compare the performance of difference beam-switch algorithms, beam failure recovery mechanisms, etc., to our understanding, Figure (a) would not be a useful assumption, therefore a further check on the blockage model is suggested.
[image: ]
Figure (a)*: illustration of CDL-B channel model and blockage model A
*Figure (a) follows TR 38.901 section 7.6.4.1 Blockage model A and Table 7.7.1-2 CDL-B. The rectangles in Figure (a) are simulated blockers and the dots denotes the clusters according to CDL-B. The color depth of the dots denotes the different power levels. The x- and y- axis are elevation and azimuth angles respectively.
[image: ]
Figure (b)**: illustration of CDL-B channel model and a more realistic blockage model
**Figure (b) models a more realistic and desired blocker which causes attenuation of high-power cluster(s). For simplicity, only one blocker blocking one cluster is demonstrated.

To solve this issue on blockage modeling, one possibility is to modify the blocking region parameters in TR38.901 Table 7.6.4.1-2. As one example, the elevation angles  should not be fixed as 90o but can be adjusted according to angle information provided in the applied CDL channel models.



Issue 4-4. Channel BW, subcarrier spacing and Frame Structure.
For 30GHz, 60kHz or 120kHz SCS also proposed, and 80 or 40MHz BW are proposed. 
Proposal 4-8: Companies propose the preferred SCS and BW
1. Subcarrier spacing
· 60kHz: 
· 120kHz: 
2. Simulation BW
· 40MHz: 
· 80MHz: 

In [28], TDD with frame structure of DDDSU is proposed for evaluation.  
Proposal 4-9: Consider TTD frame structure of DDDSU as baseline, S is composed of 10 DL, 2 GP and 2 UL symbols.
	Company
	View

	Ericsson
	120kHz and 80MHz is sufficient

	Samsung
	40 MHz BW, 60 kHz SCS

	Huawei
	1. SCS includes at least 120kHz, BW includes at least 80 MHz.
2. Companies to report the assumed frame structure.

	DOCOMO
	Same view with Ericsson



Issue 4-5. MIMO antenna configuration
[bookmark: _Hlk526727192]For BS antenna configuration, it has been agreed the following configuration in TS38.802.
(M, N, P, Mg, Ng) = (4, 8, 2, 2, 2). (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (2.0, 4.0) λ
Companies also proposed following configurations.
· [28]     (M,N,P,Mg,Ng; Mp,Np) = (4,4,2,1,1;4,4) (dH,dV) = (0.5, 0.5)λ
· [30]     (M, N, P, Q) = (4, 8, 2, 2)
· [34]     (M,N,P,Mg,Ng) = (4,8,2,2,2)(dH,dV) = (0.5, 0.5)λ (dg,H,dg,V) = (4.0, 2.0)λ
· [35]     (M, N, P, Mg, Ng) = (8, 8, 2, 1, 2) and (4, 16, 2, 2, 2)
For UE antenna configuration, several companies have proposed to reuse the agreed UE configuration in TS38.802.
(M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (0, 0)λ

Proposal 4-9: Use the following BS and UE antenna configuration for evaluation of beam management.
	Antenna Configuration at BS
	(M, N, P, Mg, Ng) = (4, 8, 2, 2, 2). (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (2.0, 4.0) λ

Other configuration is not precluded. 

	Antenna Configuration at UE
	(M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (0, 0)λ



	Company
	View

	Ericsson
	For the BS, single panel (M, N, P, Mg, Ng) = (4, 8, 2, 1, 1). is enough for the relevant simulations. Add *Θmg,ng=90°; Ω0,1=Ω0,0+180°;

	Samsung
	For BS, (M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), (4, 8, 2, 2, 2)
For UE, (M, N, P, Mg, Ng) = (2, 4, 2, 1, 1)

	ZTE
	For BS, (M,N,P,Mg,Ng) = (4,8,2,1,2), at least two panels should be supported


	LGE
	Agree with ZTE for BS antenna configuration. Also for UE antenna configuration, same as Ericsson, add Θmg,ng=90; Ω0,1=Ω0,0+180; 



In [32], it is recommended that for evaluation of UL multi-panel transmission, consider using a UE antenna layout with two or four panels, and 2 TXRU. The UE orientation should be random in elevation and azimuth. 
Proposal 4-10: UE orientation should be random in elevation and azimuth for evaluation of UL multi-panel transmission. 
	Company
	View

	Ericsson
	Agree.

	ZTE
	Support

	
	

	
	



Issue 4-6. Other parameters
Companies may provide further comments on the evaluation assumption not covered above. 

	Company
	View

	
	1) the simulation result will depend critically on the many of the open parameters, for example how to beams are selected 2) for FTP model 1, the transmission time will be extremely short 3) the evaluation criteria will need to be modified in some cases

	Samsung
	Up to 2 layers should be considered. Also, number of TXRU weight candidates need to be aligned since performance can be greatly impacted by the number that different companies use.
Rank:
· SU: rank 1 or 2
· MU: rank 1 per UE, max 2 MU layers
Number of TXRU (BF) weight candidates at TRP and UE (per panel per pol): 16 and 8, respectively
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Appendix A.1
Table A.2.1-1: System level evaluation assumptions for Indoor hotspot, Dense urban, Rural, and Urban macro
	Parameters
	Indoor hotspot
	Dense urban
	Rural
	Urban macro

	Layout
	Single layer
Indoor floor: (12BSs per 120m x 50m)
Candidate TRP numbers: 3, 6, 12
	Single layer:
Macro layer: Hex. Grid

Two layer
Macro layer: Hex. Grid
Micro layer: Random drop (All micro BSs are all outdoor)
-	3 micro BSs per macro BS
-	6, or 9 micro BSs per macro BS (optional)
See Figures A.2.1-3, A.2.1-4 and Table A.2.1-8
	Single layer
Macro layer: Hex. Grid

	Single layer
Macro layer: Hex. Grid

	Inter-BS distance 
	20m
	Macro layer: 200m
	1732m for 4GHz and 1732m and 5km for 700 MHz
	500m

	Carrier frequency 
	4GHz, 30GHz, and 70GHz 
	Macro layer: 4GHz and 30GHz
Micro layer: 30GHz and 4GHz; 70 GHz (optional)
	4GHz and 700MHz
	4 GHz and 30GHz

	Aggregated system 
bandwidth
	4GHz: Up to 200MHz (DL+UL)
30GHz or 70GHz: Up to 1GHz (DL+UL) 
	4GHz: Up to 200MHz (DL+UL) 
30GHz and 70 GHz: Up to1GHz (DL+UL)
	700MHz: Up to 20MHz(DL+UL)
4GHz: Up to 200MHz (DL+UL)
 (Consider larger aggregated system bandwidth if 20MHz 
cannot meet requirement)
	4GHz: Up to 200 MHz (DL+UL)
30GHz: Up to 1GHz (DL+UL)

	Simulation bandwidth
	20MHz per CC below 6GHz and 80 MHz per CC above 6GHz 
Note: For FDD, simulation BW is split equally between UL and DL
Note: UE TX power scaling will impact final results

	Channel model
	Below 6GHz: ITU InH
Above 6 GHz: 5GCM office 
Note: When 5GCM is found to be applicable to below 6GHz, 5GCM should be used 
	Below 6GHz: 3D UMa (Macro layer) and 3D UMi (Micro layer)
Above 6GHz: 5GCM UMa (Macro layer) and UMi-Street canyon (Micro layer)
Note: When 5GCM is found to be applicable to below 6GHz, 5GCM should be used
	ITU Rural
	Below 6GHz: 3D UMa
6 GHz: 5GCM UMa
Note: When 5GCM is found to be applicable to below 6GHz, 5GCM should be used





	[bookmark: _Hlk526722363]Parameters
	Indoor hotspot
	Dense urban
	Rural
	Urban macro

	BS Tx power 
	Below 6GHz: 24dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 24dBm
Above 6GHz: 23 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 23dBm
EIRP should not exceed 58 dBm(*)
	Macro layer:
Below 6GHz: 44 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 44 dBm
Above 6GHz: 40 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 40 dBm
Micro layer:
4 GHz: 33dBm for 20MHz system bandwidth
Above 6GHz: 33 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 33 dBm. 
EIRP should not exceed 73 dBm and 68 dBm for the macro and micro layers respectively(*)
	49dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 49dBm

	Below 6GHz: 49dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 49dBm
Above 6GHz: 43dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 43dBm
EIRP should not exceed 78 dBm (*)

	UE Tx power 
	Below 6GHz: 23dBm
30GHz: 23dBm
70GHz: 21dBm
EIRP should not exceed 43 dBm (*)

	BS antenna configurations
	See Table A.2.1-4.

	BS antenna height 
	3m
	25m for macro cells and 10m for micro cells
	35 m
	25 m

	BS antenna element gain + connector loss
	See Table A.2.1-4

	BS receiver noise figure
	Below 6GHz: 5dB
Above 6GHz: 7dB

	UE antenna configuration
	See Table A.2.1-4.

	UE antenna height
	Follow TR36.873 

	UE antenna gain
	Follow the modeling of TR36.873

	UE receiver noise figure
	Below 6GHz: 9dB
Above 6GHz: 13dB (baseline performance), 10dB (high performance)

	Traffic model
	Full buffer and FTP model 1/2/3 with packet size 0.1 and 0.5Mbytes (other value is not precluded). 
Other traffic models are not precluded.

	Traffic load (Resource utilization)
	For baseline scheme: 25, 50 and 80% (other value is not precluded)

	UE distribution
	100% Indoor, 3km/h,
10 users per BS for full buffer traffic
	Step1 (**): Uniform/macro TRP (10 users per TRP for full buffer traffic) 
Step2 (**): Uniform/macro TRP + Clustered/micro TRP (10 users per TRP associated with macro cell geographical area for full buffer traffic. 2/3 users randomly and uniformly dropped within the clusters, 1/3 users randomly and uniformly dropped throughout the macro geographical area for FTP model 1/2/3, and 60 users for FTP model 2/3) (***) 
- 80% indoor (3km/h), 20% outdoor (30km/h) 
- In the case of full buffer, 10 users per TRP is the baseline. 20 users per TRP is not precluded.
- In case of outdoor (30km/h), penetration loss in-car is 9 dB (LN, σ = 5 dB).

Mix of O2I penetration loss models for higher carrier frequency
-	Option1
-	Low loss model – 80%
-	High-loss model – 20%
-	Option2
-	Low loss model – 50%
-	High-loss model – 50%
	50% outdoor vehicles (120km/h) and 50% indoor (3km/h)
10 users per TRP for full buffer traffic
User distribution: Uniform
	20% Outdoor in cars: 30km/h,
80% Indoor in houses: 3km/h
10 users per TRP for full buffer traffic
(10 users per TRP is the baseline with full buffer traffic. 20 users per TRP with full buffer traffic is not precluded.)

Mix of O2I penetration loss models for higher carrier frequency
-	Option1
-	Low loss model – 80%
-	High-loss model – 20%
-	Option2
-	Low loss model – 50%
-	High-loss model – 50%

	UE receiver
	MMSE-IRC as the baseline receiver
Note: Advanced receiver is not precluded.

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	(*):	See Appendix in R1-164383 and R1-167533 for the derivation of maximum allowed EIRP. EIRP limit is only used for evaluation purpose in RAN1.
(**):	Step 1 shall be used for the evaluation of spectral efficiency KPIs. Step2 shall be used for the evaluation of the other deployment scenario dependant KPIs.
(***):	Companies are encouraged to investigate the ratio of UEs between the macro and micro cell geographical area depending on options for micro cell dropping (See Figures A.2.1-3 and A.2.1-4 and Table A.2.1-8)




[bookmark: _Hlk526721970]Table II. SLS assumptions for NR Phase 2 
	Parameter
	Value

	Duplex, Waveform 
	FDD (TDD is not precluded), OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Indoor hotspot, Dense Urban (Macro only), Rural

	Frequency Range
	FR1 only, for FR1 700MHz or 4GHz can be considered.

	Channel model
	According to the TR 38.901

	Antenna setup and port layouts at gNB
	Companies reports antenna setup and port layouts (M,N,P,Mg,Ng,Mp,Np)
e.g., 32TRxP=(8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ

	Antenna setup and port layouts at UE
	Companies reports antenna setup and port layouts (M,N,P,Mg,Ng,Mp,Np)
e.g., 4TRxP=(1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ

	Modulation 
	Up to 256QAM 

	Coding on PDSCH 
	LDPC
Max code-block size=8448bit 

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 
30 kHz can also be considered

	Number of RBs
	52 for 15 kHz SCS, 24 for 30 kHz SCS

	Simulation bandwidth 
	10 MHz 

	Frame structure 
	Slot Format 0 (all downlink) for all slots

	Transmission mode 
	SU-MIMO and SU/MU-MIMO adaptation, 

	MU dimension 
	Up to 12 layer (considering up to 12 orthogonal DMRS ports) 

	CSI feedback 
	Companies reports CSI periodicity used in the simulation.

	Overhead 
	Companies reports overhead used in the simulation. 

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes
Other FTP model is not precluded.

	Metric 
	Spectral efficiency of 5% UE and average UE

	Wrapping method
	Geographical distance based













Appendix A.2

Table A.2.5-1: Evaluation assumptions for advanced receivers based on network coordination
	Parameters
	Urban Macro
	Dense urban (Single or Dual layer)
	Indoor hotspot

	Carrier frequency
	4GHz
	Macro layer: 4GHz
Small cell layer: 4GHz (co-channel)
	4GHz, 30GHz

	TP antenna configuration (Optional parameters)
	(M, N, P, Mg, Ng) = (8,8,2,1,1)
(M, N, P, Mg, Ng) = (8,4,2,1,1)
(M, N, P, Mg, Ng) = (8,2,2,1,1)
(M, N, P, Mg, Ng) = (8,1,2,1,1)
(M, N, P, Mg, Ng) = (1,1,2,1,1)
(dH, dV) = (0.5, 0.8)λ
	(M, N, P, Mg, Ng) = (8,8,2,1,1)
(M, N, P, Mg, Ng) = (8,4,2,1,1)
(M, N, P, Mg, Ng) = (8,2,2,1,1)
(M, N, P, Mg, Ng) = (8,1,2,1,1)
(M, N, P, Mg, Ng) = (1,1,2,1,1)
(dH, dV) = (0.5, 0.8)λ
	(M, N, P, Mg, Ng) = (4,4,2,1,1)
(M, N, P, Mg, Ng) = (1,1,2,1,1)
for 4GHz
(4,8,2,1,1) for 30GHz

	UE receiver
	Baseline for calibration purpose : MMSE-IRC
Advanced receiver : advanced receivers can be provided by each company

	Transmission scheme
	closed-loop rank 1 and 2 SU-MIMO with rank adaptation, open-loop rank 1 and 2 SU-MIMO with rank adaptation (optional), other ranks are not precluded. MU-MIMO are not precluded

	Coordination cluster size for ideal backhaul
	Provided by each company

	Coordinated TP measurement set size
	Provided by each company

	Feedback assumption
(Optional parameters)
	Non-ideal CSI-RS/IMR channel/interference estimation 
(Number of CSI-RS ports = 16, 32 for (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1), (4, 4, 2, 1, 1), (4, 8, 2, 1, 1)
Number of CSI-RS ports = 8 for (M, N, P, Mg, Ng) = (8, 4, 2, 1, 1),
Number of CSI-RS ports = 4 for (M, N, P, Mg, Ng) = (8, 2, 2, 1, 1),
Number of CSI-RS ports = 2 for (M, N, P, Mg, Ng) = (8, 1, 2, 1, 1),
Number of CSI-RS ports = 2 for (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1))

	Feedback assumption
	Non-ideal CSI-RS/IMR channel/interference estimation (# of CSI ports = 32)

	Traffic model
	Non full buffer FTP traffic model 1/3, S = 0.1Mbytes (optional) or 0.5Mbytes

	Traffic load (Resource utilization)
	20%, 40%, 60%, Optional 80%

	Backhaul link delay
	0ms, 2ms (optional), 5ms, 50ms (optional). Other values are not precluded. Report by each company

	Coordination assumptions
	Complexity of coordination / information exchange shall be taken into account











Appendix A.3

[bookmark: _Toc525888513]Adopt the system level evaluation assumptions agreed in email discussion [94-NR-06] for system level evaluations involving multi-TRP with URLLC.
· Additional assumptions for evaluation: 
· Companies describe overhead modeling (e.g. PDCCH overhead) used by companies in the simulation 
· Companies describe modification to channel models if any 
· Companies describe power control mechanisms 
· 1 ms air interface latency is assumed for evaluation for factory automation, with the assumption of 1 ms CN delay in 2 ms end-to-end latency. 
· Other values for evaluation are not precluded
· In evaluations, it is assumed that the packet size is based on L2/L3 SDU in the evaluation 
· FFS header overhead 
· FFS whether to describe the following assumptions: 
· Duplex mode: FDD or TDD (DL/UL configuration) 
· Re-dropping or discarding UEs which do not satisfy certain channel quality if any 
· Blockage due to moving metal parts for channel model for factory automation 
· Other assumptions like TTI size, gNB/UE processing time, CSI measurement and reporting
· Companies are encouraged to provide evaluation on baseline performance achievable with Rel-15 NR URLLC, for the prioritized URLLC use cases identified in the Rel-16 URLLC SID. 
· Take the simulation settings in the following table as the starting point for Rel-16 NR URLLC system level evaluation for urban macro for power distribution:   
	Parameters
	Value

	Layout 
	Single layer - Macro layer: Hex. Grid 

	Inter-BS distance 
	500m 
Note: Other value (e.g. 150 m) is not precluded 

	Carrier frequency 
	4 GHz 

	Channel model 
	UMa in TR 38.901 

	UE Tx power 
	23dBm 

	BS antenna configurations 
	FFS antenna ports (e.g., 4 Tx/4 Rx antenna ports, etc.)
(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1); 
dH = 0.5λ, dV = 0.8λ; 
102 degree for 500m ISD 

	BS antenna height 
	25m 

	BS antenna element gain + connector loss 
	8 dBi 

	BS receiver noise figure 
	5dB 

	UE antenna configuration 
	FFS antenna ports (e.g., 2 Tx/4 Rx antenna ports, etc.)
Panel model 1: Mg=1, Ng=1, P=2, dH=0.5 

	UE antenna height 
	Follow the modelling of TR 38.901 (e.g. 1.5m) 

	UE antenna gain 
	0dBi as starting point 

	UE receiver noise figure 
	9 dB 

	Total transmit power per TRxP 
	49 dBm 

	BS receiver 
	MMSE-IRC as the baseline receiver
Note: Advanced receiver is not precluded. 

	Parameters with the value not defined in 38.802

	Number of UEs per cell 
	Up to 10 

	Simulation bandwidth 
	40 MHz 

	SCS 
	30 kHz 
Note: Companies can also evaluate 60 kHz. Other values for evaluation are not precluded. No restriction of the SCS for Rel-16 URLLC design. 

	UE distribution 
	100% of users are outdoors 

	UE power control 
	Companies report the PC mechanisms used for URLLC. 

	HARQ/repetition 
	Companies report (including HARQ mechanisms). 

	Channel estimation 
	Realistic


· Take the simulation settings in the following table as the starting point for Rel-16 NR URLLC system level evaluation for indoor hot-spot for factory automation:   
	Parameters
	Value

	Inter-BS distance 
	20m 

	Carrier frequency 
	4 GHz 

	UE Tx power 
	23dBm 

	BS antenna element gain + connector loss 
	5 dBi 

	BS receiver noise figure 
	5dB 

	BS antenna configurations 
	FFS antenna ports (e.g., 4 Tx/4 Rx antenna ports, etc.)
(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH = dV = 0.5 λ for 4GHz 

	BS antenna height 
	[3] m 
Note: Companies report the modification of the layout 

	UE antenna configuration 
	FFS antenna ports (e.g., 2 Tx/4 Rx antenna ports, etc.)
Panel model 1: Mg = 1, Ng = 1, P = 2, dH = 0.5 

	UE antenna height 
	Follow the modelling of TR 38.901 (e.g. 1.5m) 
Note: Companies report the modification of the layout 

	UE antenna gain 
	0dBi as starting point 

	BS Tx power 
	24 dBm per 20 MHz 

	BS receiver 
	MMSE-IRC as the baseline receiver
Note: Advanced receiver is not precluded. 

	UE receiver noise figure 
	9 dB 

	Parameters with the value not defined directly for factory automation in 38.802

	SCS 
	30 kHz 
Note: Companies can also evaluate 60 kHz. Other values for evaluation are not precluded. No restriction of the SCS for Rel-16 URLLC design.     

	Simulation bandwidth 
	40 MHz 

	Layout 
	Single layer as defined in 38.802 
Indoor floor: [(3, 6, 12) BSs per 120 m x 50 m] 
 
Note: Companies report the modification of the layout 

	Channel model 
	ITU InH for 4 GHz 
Companies report the modification of the channel model 

	Number of UEs per cell 
	Up to [40] 

	UE distribution 
	100% of users are indoor: 3 km/h and/or 30 km/h UE-speed 
Note: which one to use is up to companies and other value(s) are not precluded 

	UE power control 
	Companies report the PC mechanisms used for URLLC. 

	HARQ/repetition 
	Companies report (including HARQ mechanisms). 

	Channel estimation 
	Realistic


· Evaluation of 30 GHz carrier frequency is not precluded.



















Appendix A.4

Table A.1.6-4: Simulation assumptions for beam management.
	Parameters
	Values

	Carrier Frequency
	4 GHz, 30 GHz

	Subcarrier Spacing for data
	For 4 GHz: 15kHz 
For 30 GHz: 120kHz, 60kHz 
(Other subcarrier spacings can be considered)

	Data allocation
	8 RBs
First 2 OFDM symbols for PDCCH, and following 12 OFDM symbols for data channel

	PDCCH decoding
	Ideal or Non-ideal (Companies explain how is modeled)

	Channel Model
	CDL-A /B/C model
-	delay spread =100ns
-	UE speed=3km/h.
-	The angles of BS, i.e., AoD, ZoD, are uniformly distributed within [-60, 60] degrees in azimuth domain and [90, 135] degrees in zenith domain, and those of UE, i.e., AoA, ZoA, are uniformly distributed within [-180, 180] degrees in azimuth domain and [45, 90] in zenith domain, via applying uniform-distribution desired mean angle in subclause 7.7.5.1 in TR 38.901 [15] accordingly.

	TXRU mapping to antenna elements
	Companies explain details of the using TXRU mapping to antenna elements.
Notes:
30GHz: 2D DFT based beam per polarization as a baseline;
4GHz: 1D DFT per vertical dimension per polarization as baseline;

	TXRU mapping weights
	Companies explain details of the using TXRU mapping weights.

	Procedure of beam sweeping
	Companies explain details of procedure of beam sweeping.

	Criteria for beam selection
	Companies explain details of criteria for beam selection.

	UE reporting
	Companies explain details of criteria for UE reporting.

	BS antenna configurations
	For 4 GHz: (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1) as baseline. (dV, dH) = (0.8, 0.5)λ.
For 30 GHz: (M, N, P, Mg, Ng) = (4, 8, 2, 2, 2). (dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (2.0, 4.0)λ
Note: important to consider also other antenna configurations to maintain flexibility

	BS antenna element radiation pattern
	For 4GHz: According to TR36.873 
For 30 GHz: According to TR38.802

	UE antenna configurations
	For 4 GHz: Mg = 1, Ng = 1, P =2, (dV, dH) = (0.5, 0.5)λ, MxNxP<=8 (companies report M,N)
For 30 GHz: (M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (0, 0)λ. * Θmg,ng=90°; Ω0,1=Ω0,0+180°;
Note: important to consider also other antenna configurations to maintain flexibility

	BS array orientation
	azimuth 0 degree; mechanic downtilt: 0 degree

	UE array orientation
	ΩUT,a uniformly distributed on [0, 360] degree, ΩUT,b = 0°, ΩUT,g = 0°

	UE antenna element radiation pattern
	For 4 GHz: Omni-directional with 5dBi gain
For 30 GHz: See Table A.2.1-8 in TR 38.802

	Transmission scheme
	Multi-antenna port transmission schemes
Note: Companies explain details of the using transmission scheme.

	MIMO mode
	SU-MIMO

	UE receiver type
	MMSE-IRC as baseline; other advanced receiver is not precluded.

	MCS
	LTE MCS

	Link adaptation
	Based on CSI-RS

	Metrics
	BLER w/ beamforming
Proponents are encouraged to provide additional observations on SINR and RSRP



Table A.2.5-2: Evaluation assumptions for beam management
	Parameters
	Values

	Scenarios (Carrier Frequency)
	Indoor hotspot :4 GHz, 30GHz; 
Urban macro: 4 GHz, 30GHz;
Dense Urban:
For 4 GHz: Evaluate macro layer
For 30 GHz: Evaluate micro layer 
Note: other antenna configurations should be considered as well.

	Mode
	DL SU-MIMO/ MU-MIMO

	Simulation bandwidth
	4GHz: 20MHz (DL+UL)
30GHz: 80MHz.(DL+UL) or 40MHz.(DL+UL)

	Subcarrier Spacing for data
	For 4 GHz: 15kHz
For 30 GHz: 120kHz,  60kHz
(Other subcarrier spacings can be considered)

	Channel Model
	Following related assumption in TR 38.802

	TXRU mapping to antenna elements
	Companies explain the details of TXRU mapping to antenna elements.
Notes:
30GHz: 2D DFT based beam per polarization as a baseline;
4GHz: 1D DFT per vertical dimension per polarization as baseline;


	TXRU mapping weights
	Companies explain the details of TXRU mapping weights.

	Criteria for selection for serving TRP
	Companies explain the details of criteria for selection for serving TRP.

	Criteria for beam selection for serving TRP
	Companies explain the details of criteria for beam selection for serving TRP.

	Constraints for the range of selective beams per TRP sector
	Companies explain what scheme is used

	Scheduling algorithm
	PF scheduler

	Link adaptation
	Based on CSI-RS.

	Traffic Model
	FTP model 1/3 with packet size 0.1 and 0.5Mbytes (other value is not precluded).
Other traffic models including the full buffer are not precluded.

	BS antenna configurations
	For 4GHz: (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1) as baseline. (dV, dH) = (0.8, 0.5) λ. 
For 30GHz: (M, N, P, Mg, Ng) = (4, 8, 2, 2, 2). (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (2.0, 4.0) λ
Note: important to consider also other antenna configurations to maintain flexibility

	BS antenna element radiation pattern
	For 4GHz: According to TR36.873 
For 30 GHz: According to TR38.802

	UE antenna configurations
	For 4GHz: Mg = 1, Ng = 1, P =2, (dV, dH) = (0.5, 0.5) λ, MxNxP<=8 (companies report M,N)
For 30GHz: (M, N, P, Mg,Ng) = (2, 4, 2, 1, 2); (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (0, 0) λ. *Θmg,ng=90°; Ω0,1=Ω0,0+180°;
Note: important to consider also other antenna configurations to maintain flexibility

	UE antenna element radiation pattern
	For 4GHz: Omni-directional with 5dBi gain
For 30GHz: See Table A.2.1-8 in TR 38.802

	Inter-panel calibration
	Ideal, non-ideal following 38.802 (optional)

	Beam correspondence 
	Companies report details of the assumptions

	Control and RS overhead
	Companies report details of the assumptions 

	Control channel decoding
	Ideal or Non-ideal (Companies explain how is modeled)

	UE receiver type
	MMSE-IRC as the baseline, other advanced receiver is not precluded

	BF scheme
	Companies explain what scheme is used



	Parameters
	Values

	Transmission scheme
	Multi-antenna port transmission schemes
Note: Companies explain details of the using transmission scheme.

	UE mobility feature
	Follow Phase 3 calibration i.e. Add-on features including UE mobility, rotation, blockage, etc. can be considered.
Note: Companies explain whether or which model is used in simulation evaluation. If used, the configuration details should be explained

	MCS
	Use LTE MCS

	Metric
	Spectral efficiency (evaluated under full buffer)
5%,50% UPT(evaluated under FTP model)
Outage
Beam management latency 
Proponents are encouraged to provide additional observations on beam failure rate, SINR and RSRP. 
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